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Discussion of 
“STUDIES OF BEARPAW SHALE AT A DAMSITE IN SASKATCHEWAN” 


by Robert Peterson 
(Proc. Paper 476) 


ROBERT PETERSON, ! M. ASCE.—The discussion of Dr. Mayer and the in- 
formation which he has presented on the Paris clay is very much appreciated. 
The similarity between the Paris clay and the soft and medium zone of the 
Bearpaw shale is most interesting. 

The author is very grateful to Dr. Mollard and Mr. Pollock for their com- 
prehensive discussion which adds to and clarifies the limited amount of geo- 
logical information given in the original paper. The geology of the area in 
question is extremely involved and much painstaking work coupled with an 
excellent appreciation of glacial geology has been required to piece together 
the rather complicated sequence of events. The writer would like to comment 
on two points from this discussion. 

Under the heading Geologic Setting in Slide Areas it is stated that three 
conditions appear necessary before large slumps are produced and “more- 
over, that the absence of any one condition results in slope movement that is 
negligible, if it can be discerned at all:.” The author is not convinced that the 
second condition listed, that is “a mantle of glacial drift deposited upon clay 
shales” is necessary before large slumps are produced. While all the slides 
studied did occur in areas that are covered or have been covered by drift, 
there was no opportunity to make observations of slopes that had not been af- 
fected by glaciation. It is therefore rather difficult to support a definite con- 
clusion about the effect of this mantle of glacial drift on slumping in this 
region. 

The second point has to do with the field measurements from which it has 
been concluded in this discussion that “local areas in the slump terrain are 
creeping at the apparent rate of approximately 3 inches per decade.” While 
the observations referred to have been taken very carefully there is some 
question as to definite conclusions because of the difficulty of establishing 
reliable reference points along the unstable river slopes. In view of the fact 
that the design of the shale slopes on the project, and for that matter the 
cross-section of the embankment itself, will in the final analysis be based on 
the shear strength computed from natural slopes, further study is being given 
this matter. In order to arrive at shear strengths based on natural slopes 
some knowledge of the rate of creep, if any, is of paramount importance. It 
has therefore been suggested that steps be taken to check the rate and depth 
of creep utilizing vertical plastic tubes and the Slope Indicator developed by 
Mr. S. D. Wilson and described in Separate No. 475 entitled: “Safe Loads on 
Dog-Leg Piles.” 

Mollard and Pollock have asked about the results of creep strength tests 
referred to in the original paper. From a limited number of unconfined creep 


1. Chf., Prairie Farm Rehabilitation Admin., Dom, Dept. of Agriculture, 
Saskatoon, Sask., Canada. 
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strength tests at constant water content, a strength as low as 50 percent of 
the conventional unconfined compression strength was recorded. 

Since the original paper was presented additional pressure observations 
have been taken and further studies have been made in connection with the 
accuracy of the measuring equipment in the pressure test section. The most 
recent readings about four years after the installation of the pressure test 
section indicate that the vertical pressure produced by the shale is approxi- 
mately equal to overburden and that the horizontal pressure is of the order 
of 147 percent of overburden. This is an increase in horizontal pressure 
over that reported in the original paper, the values of which were for an in- 
terval of two years following installation. All the struts have been removed 
and recalibrated and it is now believed that the forces measured by this sys- 
tem are within 10 percent of the actual forces exerted. It is therefore be- 
lieved that this method is entirely satisfactory for measuring the relation of 
horizontal and vertical stresses within soft shales or soils. 


Correction to “Studies of Bearpaw Shale at a Damsite in Saskatchewan” 
(Proc. Paper 476). 

On page 11, at the end of the second paragraph, the sentence beginning 
“The shear strength based on these assumptions * * *” should read: “The 
shear strength based on these assumptions and for a factor of safety of 1 
was of the order of 3 - 4 lb per sq. in.” 


all 
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Discussion of 
“ENGINEERING PROPERTIES OF EXPANSIVE CLAYS” 
a by W. G. Holtz and H. J. Gibbs 


(Proc. Paper 516) 


W. G. HOLTZ,! M. ASCE, and H. J. GIBBS,” A.M. ASCE.—The authors 


wish to thank the discussors of their paper and feel that each has con- 
tributed to the subject by his comments. 

In regard to Professor Dawson’s comments that the Atterberg tests are 
more reliable indicators of swell characteristics than the free-sweli test, 
the authors agree and wish to further point out that the free-swell tests were 
considered applicable only for indicating general trends by simple procedure. 
Tests which are more closely controlled of course are better indicators. The + 
index table given in the paper has similarity to Skempton’s activity values in 
that both involve particle size and Atterberg constants; however, Skempton’s 
activity value is arrived at through a graphical plot. 

The authors also agree with Professor Dawson that a slight relief of ex- 
pansion movement greatly reduces the swelling pressures. This was shown 
in the paper by Figure 9 when expansive soil was compacted at variable den- 
sities, and measured for uplift pressure, and by Figure 5 which shows the 
amounts of expansion for various restraining loads. 

Mr. Altmeyer points out similarity in his criterion based on the shrinkage 
limit with the portion of the authors’ criteria in which the shrinkage limit was 5 
used. The similarity of the independent conclusions are of interest to us. 
However, we believe the similarity to be factual rather than coincidental. It 
should be noted that Mr. Altmeyer’s soil is also from the California area and 
thus may be similar to the soils from which much of the authors’ data were 
obtained. In view of the fact that soils from other areas may act differently, 
the authors felt that index to expansion should be based on more than the 
shrinkage limit and therefore also included the percentage of colloids, and 
plasticity index as additional indicators which must be viewed together. By 
viewing these items together a fairly reliable evaluation of expansion can be 
made, in spite of the overlap of limits for individual items in the table. 

The authors wish to point out that the classification system referred to by 
Mr. Altmeyer is the same as that used by the authors. The Unified Soil 
Classification was sponsored jointly by the Corps of Engineers and the 
Bureau of Reclamation. 

Mr. Barber shows some interesting data comparing the swell of soils of 
various classifications such as the high swell obtained by an A-6 soil (Bureau 


1. Head, Earth Materials Lab., Bureau of Reclamation, U. S. Dept. of the 
Interior, Denver, Colo. 

2. Engr., Earth Materials Lab., Bureau of Reclamation, U. S. Dept. of the 
Interior, Denver, Colo. 

3. Unified Soil Classification, a Supplement to the Earth Manual; U. 8. De- 
partment of the Interior, Bureau of Reclamation, March 1953. 
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of Public Roads Classification) in comparison to other types. He also shows 
the reduction of uplift pressure by the slight relief of expansion as did 
Professor Dawson. 

The authors agree with Professor DuBose that placement conditions of 
expansive soil should vary as the surcharge decreases from lower layers 
to the top of the fill. Laboratory load-expansion tests would show this re- 
quirement. For a certain soil, expansion may have a time relationship as 
Professor DuBose has shown. The authors have experienced distinctly dif- 
ferent speeds of expansion for different soils. This is believed due to differ- 
ences in water affinity which, in turn, is affected by mineral and chemical 
characteristics and may vary greatly in different soils. 


+ 
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Discussion of 
“SETTLEMENT ANALYSIS OF SAND DRAIN PROJECTS” 


by Edward A. Henderson 
(Proc. Paper 756) 


GEORGE R. HALTON,! M. ASCE.—The author’s straightforward and factu- 
al presentation of settlement analysis on two highway sand drain projects 
properly avoids subjects such as field measurement of pore pressure, stabili- 
ty during embankment construction and other allied topics which are in them- 
selves worthy of separate papers. 

By the same token this short discussion of the author’s paper should not 
explore allied subjects; at best it should touch on a few high points within the 
scope of the original and within the writer’s experience, which in this case 
includes, while with O. J. Porter & Co., assisting in construction consultation 
at Point Pleasant and in design consultation at Camden. 

An important phase of construction control at Point Pleasant, as on most 
sand drain projects, was the analysis of movements in offset stakes. The 
plots of these against time were periodically compared with the settlement vs. 
time pattern. Concomitant accelerations of vertical and horizontal move- 
ments or simply an abnormal iateral displacement were danger signals; iso- 
lated vertical irregularities were merely alert signals. No definite numerical 
ratio of lateral deformation to settlement was used as a guide. Interpretation 
was then, and still is, largely a matter of judgment. 

The probable relation of horizontal deformation to settlement is mentioned 
by the author without either a qualitative or a quantitative estimate of this 
component of settlement. In this connection the writer finds that the probable 
deformations consistent with Boyle’s Law and Poisson’s ratio are of interest: 


1. Gas void compression is considerable when saturation is less than 
about 95% . 

2. Horizontal movement greater than that computed from Poisson’s ratio 
can reasonably be expected. 


Field observations show difficult penetration of closed end mandrels in 
soft mud when spacing is close or where the periphery is driven before the 
center. Similar phenomena are noted in driving ordinary piles: for example, 
heaving or shoving of adjacent railroad tracks. This factor is significant in 
settlement analysis of sand drain projects when the volume of the sand 
columns approaches or exceeds the total volume of gas voids in the soil. 

The true saturation of a submerged soil can be reckoned by a statistical 
average of many tests if the test data are accurate in this respect. However, 
because laboratory values depend on so many variables—salinity of pore 
water, specific gravity, organic content and disturbance or expansion or 
evaporation of a sample during field recovery or laboratory preparation—the 
true saturation and therefore the volume of gas, in a prototype mass of soil 
is rarely known. 


1. Cons. Engr., George R. Halton Engr. Consultants, Newark, N. J. 
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Data from two consolidation tests of Point Pleasant samples recently made 
available to the writer showed volumes of gas voids 5 to 10 times as much as 
that suggested by observed settlement. It is deduced that evaporation and ex- 
pansion occurred between sample recovery and specimen preparation. Con- 
cluding this sub-topic, determination of gas void volume is recommended for 
any sand drain project contemplating close (6' to 8' o.c.) spacing. 

The Poisson’s ratio aspect is of interest because of boundary restraints. 
The effect of rigid boundaries on component or induced stresses and deforma- 
tions is analyzed in engineering literature. Published data furnishes evidence 
of this effect: for example Spangler’s measurement of horizontal stresses 
against a retaining wal! induced by vertical loads. 

The old causeway along one side of the Point Pleasant fill provided a par- 
tial transverse restraint; the near semi-infinite strip shape of the embank- 
ment furnished longitudional restriction. 

The writer estimates that the partial boundary restraints at Point Pleasant 
accounted for horizontal deformations approximating two thirds of the non- 
hydraulic component of settlement and that the non-hydraulic component was 
of the order of one foot. 

A final note regarding the time vs. settlement plots on both projects, or on 
any sand drain job, is worthy of mention. When time is plotted arithmetically 
and the percent of total settlement is plotted as an inverse logarithm, portions 
of the plot are straight lines. Definite changes in the slopes of these lines are 
noted at or shortly after application of the final increment of load. This is 
seen in Fig. 12 in both the Point Pleasant and the Camden plots. This method 
of plotting has other advantages: 


1) Calendar time, instead of number of days after this or that operation, 
can be plotted conveniently; 

2) Extrapolation of straight lines to zero settlement or to load equilibrium 
settlement indicates approximate midpoint of loading cycle; 

3) Settlement can be equated to gain in intergranular pressure, which is 
equal to decrease in pore pressure. 


The latter advantage is of value in estimating stability during construction. 

In conclusion, the writer confirms the author’s conclusions and emphasizes 
the recommendation that Field decisions during construction should control 
the intensity and duration of overload. 


759-6 


m 
» 
m 
z 
4 
r 
m 
3 
z 
4 


++ ANWSW31d “ld aL) 321d NI 


o€ 


° 
sAvwa NI 


JWia *SA 


- 


°8 2 | = 
| / 
/ 
A 
/ A 
/ 
° 
7 / 
/ 
/ 
/ 
3 
/ 
/ 
/ 
/ 
/ 
® A 
A 
he 
2 3 g 8 sea ~ N = % 
759-7 


PROCEEDINGS PAPERS 


The technical papers published in the past year are presented below. Technical-division 
sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols 
referring to: Air Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics 
(EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), Sanitary 
Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping 
(SU), and Waterways (WW) divisions. For titles and order coupons, refer to the appropriate 
issue of “Civil Engineering” or write for a cumulative price list. 


VOLUME 80 (1954) 


JULY: 457(AT), 458(AT), 459(AT)°, 460(IR), 461(IR), 462(IR), 463(1R)°, 464(PO), 465(PO)°. 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 
475(SM), 476(SM), 477(SM), 478(SM)°, 479(HY)©, 480(ST)©, 481(SA)©, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)‘, 
492(SA), 493(SA), 494(SA), 495(SA), 496(SA), 497(SA), 498(SA), 499(HW), 500(HW), 501(HW)°, 
502(WW), 503(WW), 504(WW)°, 505(CO), 506(CO)®, 507(CP), 508(CP), 509(CP), 510(CP), 
511(CP). 


OCTOBER: 512(SM), 513(SM), 514(SM), 5!5(SM), 516(SM), 517(PO), 518(SM)°, 519(IR), 520(IR), 
521(IR), 522(R)°, 523(AT)°, 524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 
530(EM)°, 531(EM), 532(EM)-, 533(PO). 


NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 
543(ST), 544(ST), 545(SA), 546(SA), 547(SA), 5°8(SM), 549(SM), 550(SM), 551(SM), 552(SA), 
553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 


DECEMBER: 558(ST), 559(ST), 560(ST), 561(ST), 562(ST), 563(ST)°, 564(HY), 565(HY), 566(HY), 
567(HY), 568(HY)°, 569(SM), 570(SM), 571(SM), 572(SM)°, 573(SM)°, 574(SU), 575(SU), 576(SU), 
577(SU), 578(HY), 579(ST), 580(SU), 581(SU), 582(Index). 


VOLUME 81 (1955) 


JANUARY: 583(ST), 584(ST), 585(ST), 586(ST), 587(ST), 588(ST), 589(ST)°, 590(SA), 591(SA), 
592(SA), 593(SA), 594(SA), 595(SA)°, 596(HW), 597(HW), 598(HW)°,599(CP), 600(CP), 601(CP), 
602(CP), 603(CP), 604(EM), 605(EM), 606(EM)°, 607(EM). 


FEBRUARY: 608(WW), 609(WW), 610(WW), 611(WW), 612(WW), 613(WW), 614(WW), 615(WW), 
616(WW), 617(IR), 618(IR), 619(IR), 620(IR), 621(IR)°, 622(IR), 623(1R), 624(HY)°, 625(HY), 
626(HY), 627(HY), 628(HY), 629(HY), 630(HY), 631(HY), 632(CO), 633(CO). 


MARCH: 634(PO), 635(PO), 636(PO), 637(PO), 638(PO), 639(PO), 640(PO), 641(PO)*, 642(SA), 
643(SA), 644(SA), 645(SA), 646(SA), 647(SA)°, 648(ST), 649(ST), 650(ST), 651(ST), 652(ST), 
653(ST), 654(ST)°, 655(SA), 656(SM)°, 657(SM)°, 658(SM)°. 


APRIL: 659(ST), 660(ST), 661(ST)°, 662(ST), 663(ST), 664(ST)°, 665(HY)°, 666(HY), 667(HY), 
Sronnet 669(HY), 670(EM), 671(EM), 672(EM), 673(EM), 674(EM), 675(EM), 676(EM), 677(EM), 
7 


MAY: 679(ST), 680(ST), 681(ST), 682(ST)°, 683(ST), 684(ST), 685(SA), 686(SA), 687(SA), 688(SA), 
689(SA)°, 690(EM), 691(EM), 692(EM), 693(EM), 694(EM), 695(EM), 696(PO), 697(PO), 698(SA), 
699(PO)©, 700(PO), 701(ST)°. 


JUNE: 702(HW), 703(HW), 704(HW)°, 705(IR), 706(IR), 707(IR), 708(IR), 709(HY)°, 710(CP), 
T11(CP), 712(CP), 713(CP)°, 714(HY), 715(HY), 716(HY), 717(HY), 718(SM)°, 719(HY)‘, 
720(AT), 721(AT), 722(SU), 723(WW), 724(WW), 725(WW), 726(WW)°, 727(WW), 728(IR), 
729(IR), 730(SU)©, 731(SU). 


JULY: 732(ST), 733(ST), 734(ST), 735(ST), 736(ST), 737(PO), 738(PO), 739(PO), 740(PO), 
741(PO), 742(PO), 743(HY), 744(HY), 745(HY), 746(HY), 747(HY), 748(HY)°, 749(SA), 750(SA), 
751(SA), 752(SA)®, 753(SM), 754(SM), 755(SM), 756(SM), 757(SM), 758(CO)®, 759(SM)°, 
760(WW)°, 


c. Discussion of several papers, grouped by Divisions. 


| 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


OFFICERS FOR 1955 


PRESIDENT 
WILLIAM ROY GLIDDEN 


VICE-PRESIDENTS 


Term expires October, 1955: Term expires October, 1956: 
ENOCH R. NEEDLES FRANK L. WEAVER 
MASON G. LOCKWOOD LOUIS R. HOWSON 


DIRECTORS 


Term expires October, 1955: Term expires October, 1956: Term expires October, 1957: 
CHARLES B. MOLINEAUX WILLIAM 5S. LaLONDE, JR. JEWELL M. GARRELTS 
mgt ae OLIVER W. HARTWELL FREDERICK H. PAULSON 
CARL G. PAULSEN THOMAS C. SHEDD GEORGE S. RICHARDSON 
LLOYD D. KNAPP SAMUEL B. MORRIS DON M. CORBETT 
GLENN W. HOLCOMB ERNEST W. CARLTON GRAHAM P. WILLOUGHBY 
FRANCIS M. DAWSON RAYMOND F. DAWSON LAWRENCE A. ELSENER 


PAST-PRESIDENTS 
Members of the Board 


WALTER L. HUBER DANIEL V. TERRELL 


EXECUTIVE SECRETARY TREASURER 
WILLIAM H. WISELY CHARLES E. TROUT 


ASSISTANT SECRETARY ASSISTANT TREASURER 
E. L. CHANDLER CARLTON S$, PROCTOR 


PROCEEDINGS OF THE SOCIETY 


HAROLD T. LARSEN 
Manager of Technical Publications 


DEFOREST A. MATTESON, JR. PAUL A. PARISI 
Editor of Technical Publications Assoc. Editor of Technical Publications 


COMMITTEE ON PUBLICATIONS 
SAMUEL B. MORRIS, Chairman 
JEWELL M. GARRELTS, Vice-Chairman 
GLENN W. HOLCOMB OLIVER W. HARTWELL a 
ERNEST W. CARLTON DON M. CORBETT 


| 


